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Abstract
Background: Climate change could affect allergic diseases, especially due to pollen. However, there has been no
epidemiologic study to demonstrate the relationship between meteorological factors, pollen, and allergic patients.
We aimed to investigate the association between meteorological variations and hospital visits of patients with tree
pollen allergy.
Methods: The study subjects were adult patients who received skin prick tests between April and July from 1999
to 2008. We reviewed the medical records for the test results of 4,715 patients. Patients with tree pollen allergy
were defined as those sensitized to more than 1 of 12 tree pollen allergens. We used monthly means of airborne
tree pollen counts and meteorological factors: maximum/average/minimum temperature, relative humidity, and
precipitation. We analyzed the correlations between meteorological variations, tree pollen counts, and the patient
numbers. Multivariable logistic regression analyses were used to investigate the associations between
meteorological factors and hospital visits of patients.
Results: The minimum temperature in March was significantly and positively correlated with tree pollen counts in
March/April and patient numbers from April through July. Pollen counts in March/April were also correlated with
patient numbers from April through July. After adjusting for confounders, including air pollutants, there was a
positive association between the minimum temperature in March and hospital visits of patients with tree pollen
allergy from April to July(odds ratio, 1.14; 95% CI 1.03 to 1.25).
Conclusions: Higher temperatures could increase tree pollen counts, affecting the symptoms of patients with tree
pollen allergy, thereby increasing the number of patients visiting hospitals.
Background
The global surface temperature has increased by 0.74°C
over the past 100 years [1], and is projected to increase
more rapidly during the next 10 decades [2], implying
t h a tc l i m a t ec h a n g ei sl i k e l yt ob eab i ge n v i r o n m e n t a l
threat to health in the 21st century [3]. Several reviews
[4-7] have reported that allergic diseases, especially
those due to pollen, may be closely related to climate
change, based on the premise that pollen amounts, aller-
genicity, and season are affected by climate change [8].
Some studies in different regions including Europe,
America, and Asia have shown that higher temperatures
are related to higher pollen counts [9-11], stronger
allergenicity [12,13], as well as an earlier start and
longer duration of the pollen season [9,14,15].
T h ep r e v a l e n c eo fa l l e r g i cd i s e a s e sh a sr a p i d l y
increased worldwide. A previous study reported that
asthma prevalence is rising in many developed and
developing countries [16]. It has been suggested that the
increasing prevalence of allergic diseases may be due to
markedly altered environmental factors such as climate
change [17]. However, there has been no appropriate
epidemiologic study proving the relationship between
meteorological factors, pollen, and patients allergic to
pollen. A study designed to verify the impact of climate
change on allergic diseases has to consider the temporal
relationship that pollen counts are influenced by pat-
terns of preseason weather, and allergic symptoms due
to pollen are known to occur or worsen during or after
pollen season. It is also necessary to assess association
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after adjusting other aeroallergen such as air pollution.
I nt h ep r e s e n ts t u d yw ei n v e s t i g a t e dt h ep o s s i b l ec o r -
relations between meteorological factors, tree pollen,
and allergic patients based on temporal relationship.
Furthermore, we examined the extent to which varia-
tions in meteorological factors influence hospital visits
of patients with tree pollen allergy while controlling for
air pollution.
Methods
Study subjects
This study sampled patients who had allergic symptoms
(asthma, rhinitis, and dermatitis) and were referred from
local clinics to Ajou University Hospital between 1999
and 2008. Among them, we selected patients performed
skin prick tests to identify causative allergens and
reviewed their medical records for the tests. We used
patients aged 18 years or older tested from April to July
as study subjects. Pre-analysis allowed us to verify that
hospital visits of patients sensitized to tree pollen were
most prevalent during the selected study period. In
Korea, total yearly counts of tree pollen are greater than
those of grass or weed pollen [18]. We excluded patients
without a response to a positive control or with a
response to a negative control. Patients in 2001 were
also excluded because many skin prick test results were
missing in that year.
The study hospital is a general hospital in Suwon, a
large city with a population of 1.09 million in Gyeonggi
Province located near Seoul, Korea. The hospital is vis-
ited by approximately 60,000 patients per month from
the city and surrounding areas. Ethical approval for the
study protocol was obtained from Ajou Institutional
Review Board.
Skin prick tests
The allergens tested throughout the study period were
commercial extracts from 2 manufacturers (Bencard,
London, UK; Allergopharma, Reinbek, Germany). Tree
pollen allergens included tree mix, alder, pine, oak, ash,
beech, birch, acacia, willow, poplar, elm, and hazel. Aller-
gens for house dust mite were used for comparison and
included Dermatophagoides pteronyssinus and D. farina.
Positive (histamine, 1 mg/mL) and negative (saline) con-
trols were also applied to determine sensitization.
The skin prick test was performed by trained nurses
on patients not taking interfering medicines for at least
3 days before the test. Each allergen and control solu-
tion was dropped on the patient’s back. The skin was
then pricked through the drops using the tip of a lancet.
After 15 minutes, the lengths of the longest lines were
measured together with the perpendicular bisector of
the line of the wheal.
The average length of 2 lines was calculated and used as
the wheal size. If the wheal size for an allergen was equal
to or larger than that for the positive control the patient
was considered sensitized. Patients with tree pollen allergy
were defined as anyone sensitized to more than 1 of the
12 tree pollen allergens. For house dust mite, allergic
patients were anyone sensitized to house dust mite aller-
gens and not-sensitized to tree pollen allergens.
Meteorological factors
Meteorological factors included the average, maximum,
and minimum temperatures, relative humidity, and pre-
cipitation. The data were recorded daily at the meteoro-
logical observatory of Suwon and reported by the Korea
Meteorological Administration. Monthly mean values
were used in the analyses.
Pollen
The present study used data recorded at the nearest pol-
len station, which is about 30 km distant from the study
region. The pollen stations are managed by the National
Institute of Meteorological Research and the Society for
Pollen Research. Pollen grains were collected daily using
Burkard 7 day recording volumetric spore traps (Bur-
kard Manufacturing Co. Ltd., Rickmansworth, Hertford-
shire, UK) and then counted under a microscope by
reading slides prepared from the pollen-trapping tape.
The pollen grains were classified as tree, grass, or weed;
the tree group included pollen grains from oak, willow,
hazel, poplar, elm, birch, pine, alder, juniper, plane tree,
and maple. Pollen counts of each group were reported
as total grains per cubic meter of air (grains/m
3). Mean
monthly counts of tree pollen were used. Pollen data in
2006 was processed into missing value since there were
several days without records in that year.
Air pollutants
This study included air pollutants as confounders since
they are capable of independently causing some allergic
diseases and can also modify the effect of pollen on dis-
eases through interactions [19]. The concentrations of
ozone (O3), particulate matter (PM10) and sulfur dioxide
(SO2) in the study region were used. Daily concentrations
of air pollutants were recorded at 6 air quality monitoring
stations in the region and reported by Gyeonggi Air Pollu-
tion Information Center. The stations, located in areas
without barriers around them such as buildings and trees,
were representative of the level of air pollution in the area.
The height of the samplers ranged from 1.5 to 10 m above
ground level. The concentrations of O3,P M 10,a n dS O 2
were measured by ultraviolet photometric, b-ray absorp-
tion, and pulse ultraviolet fluorescence methods, respec-
tively. We used the monthly average of values measured at
6 stations for each air pollutant in the analyses.
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The present study considered lag times between meteor-
ological factors, tree pollen, and patients with tree pol-
len allergy to satisfy appropriate temporal relationships
(Figure 1). We used tree pollen counts from March to
May since previous study reported that amount of tree
pollen is very high during the period in study region
[18]. We focused on patients who visited the hospital
between April and July since they might be directly
influenced by tree pollen. Lag times were considered
from the peak of pollen exposure to the skin prick test
with regards to the following: (1) the time of the initial
exposure to pollen; (2) when the patient with allergic
symptoms actually visited the clinic; (3) when the
patient was transferred from the clinic to a general hos-
pital by the health care delivery system in Korea; and (4)
when the skin prick test was performed following a phy-
sician’s order. Several studies [20-22] have shown that
pollen counts are affected by meteorological factors of
the preceding period, but these studies have not been
consistent in the duration between the evaluated peri-
ods. In the present study we considered that pollen
counts would be affected by meteorological factors in
the previous or the same month. Therefore, we used
meteorological factors from February to May.
Differences in age and sex in patients with and with-
out tree pollen allergy were analyzed using the indepen-
dent t-test and chi-square test. Pearson’s correlation
analysis was used to investigate correlations between
meteorological factors, tree pollen counts, and the num-
ber of patients with tree pollen allergy. After selecting
meteorological factors correlated with tree pollen and
patients, we calculated odds ratios (ORs) of sensitization
to tree pollen according to variations in meteorological
factors using logistic regression analysis. Dependent
variable was whether study subjects were sensitized to
tree pollen or not. We also calculated ORs in the same
way for house dust mite. Air pollutants, age, and sex
were adjusted for in the regression analysis. Statistical
analyses were performed using SPSS version 17.0 (SPSS
Inc., Chicago, IL, USA) software, and a p-value of < 0.05
was considered significant.
Results
The final analysis included 4,715 of the 19,195 screened
patients who received skin prick tests over a period of 9
years (Table 1). The mean age of the study subjects was
38.4 (±13.4 SD) years. There were 2,206 (46.8%) men and
2,509 women (53.2%). Of the test subjects, 965 patients
(20.5%) had tree pollen allergy. The patients with tree
pollen allergy were younger than those without it (35.4 ±
11.7 vs. 39.1 ± 13.7 years; p < 0.001), and the proportion
of men was higher in the former group than in the latter
(53.9% vs. 45.0%; p < 0.001). Measures of the monthly
meteorological factors from 1999 to 2008 are summar-
ized in Table 2. Tree pollen showed seasonality in that it
was most prevalent from March to May, which is spring
in Korea (Figure 2). About 95% of the yearly total counts
of tree pollen were recorded in spring.
T a b l e3s h o w st h er e s u l t so fc o r r e l a t i o n sb e t w e e n
meteorological factors and tree pollen counts. There
were positive correlations between the minimum tem-
perature in March and pollen counts in March and
April (p = 0.02 and p = 0.005, respectively), and between
relative humidity and pollen counts in March (p =
0.007). Pollen counts in May showed significant positive
correlations with precipitation in February (p = 0.01)
and average temperature in May (p = 0.04). However,
no meteorological factors in April were significantly cor-
related with pollen counts.
The results of correlations between tree pollen counts
and patients with tree pollen allergy are shown in Table
4. The pollen counts in March and April were positively
correlated with the number of patients in April/May/
June and April/May/July, respectively. In addition, pollen
counts in March and April were positively correlated
with the total number of patients who visited hospital
Meteorological factors 
Tree pollen 
Patients with tree pollen allergy 
Feb Mar  May  Apr Jun  Jul 
Month 
Figure 1 Conceptual framework of study design. The present
study attempted to identify relationships between meteorological
factors, tree pollen, and patients with tree pollen allergy based on
their temporal relationship.
Table 1 General characteristics of the study subjects
Total Patients with tree
pollen allergy
Patients without tree
pollen allergy
N 4,715 965 3,750
Age (years)
Mean 38.4 35.4 39.1
SD 13.4 11.7 13.7
Sex, men
n 2,206 520 1,686
% 46.8 53.9 45.0
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tively). However, pollen counts in May did not signifi-
cantly correlate with either the monthly or total number
of patients.
T a b l e5s h o w st h er e s u l t so fc o r r e l a t i o n sb e t w e e n
meteorological factors and patients with tree pollen
allergy. Minimum temperature in March was signifi-
cantly correlated with monthly numbers of patients in
April/May/June and total numbers of patients from
April to July. None of the meteorological factors in Feb-
ruary, April, or May showed significant correlations with
patient numbers.
Considering the correlation results comprehensively,
the minimum temperature in March correlated with
tree pollen counts in March and April, as did the latter
with the number of patients with tree pollen allergy.
The minimum temperature in March also correlated
with the number of patients. Annual trends of minimum
temperature, tree pollen counts, and patients with tree
pollen allergy showed similar patterns (Figure 3). Conse-
quently, there were positive and temporal relationships
between temperature, tree pollen counts, and the num-
ber of patients with tree pollen allergy.
On the basis of our previous results, we examined the
effects of minimum temperature in March on hospital
visits of patients with tree pollen allergy (Table 6). In
unadjusted analysis, hospital visits of patients signifi-
cantly increased with a rise in temperature (OR, 1.12;
95% CI, 1.03 to 1.21). In age- and sex-adjusted analysis
(Model 1), there was still a positive association between
temperature and hospital visits (OR, 1.11; 95% CI, 1.02
to 1.21). Even after additionally adjusting for air pollu-
tants (Model 2), the association remained significant
(OR, 1.14; 95% CI, 1.03 to 1.25). These findings may
indicate that a rise of 1°C in the minimum temperature
in March can increase the proportion of patients with
tree pollen allergy by 14% of the total patients tested
between April and July. In the analysis for house dust
mite as control, 4,131 patients were included after
excluding 584 patients sensitized to tree pollen and
house dust mite. In contrast to the findings for tree pol-
len allergy, hospital visits of patients with house dust
mite allergy were not significantly associated with the
minimum temperature in March.
Table 2 Meteorological factors between February and May (1999-2008)
Average temperature (°C) Maximum temperature (°C) Minimum temperature (°C) Relative humidity (%) Precipitation (mm)
Mean SD Mean SD Mean SD Mean SD Mean SD
February 0.1 1.7 5.2 2.1 -4.6 1.7 58.6 6.5 0.6 0.5
March 5.6 0.7 11.1 0.9 0.5 0.7 58.9 7.0 1.2 1.3
April 12.2 0.7 18.1 1.1 6.8 0.5 59.0 4.9 2.6 1.8
May 17.4 0.7 23.1 0.7 12.4 0.6 64.8 4.8 3.2 1.0
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Figure 2 Monthly distribution of tree pollen (1999-2008 except
2006). Tree pollen is most prevalent between March and May.
Table 3 Correlations between mean monthly
meteorological factors and tree pollen counts
Month Meteorological factors Counts of tree pollen (grains/
m
3)
March April May
February Average temperature (°C) 0.04 -0.16 0.22
Maximum temperature (°C) 0.08 -0.08 0.15
Minimum temperature (°C) -0.02 -0.27 0.25
Relative humidity (%) 0.24 -0.02 0.16
Precipitation (mm) 0.06 -0.04 0.82*
March Average temperature (°C) 0.50 0.62 -0.10
Maximum temperature (°C) 0.17 0.43 -0.37
Minimum temperature (°C) 0.78* 0.86* 0.16
Relative humidity (%) 0.85* 0.65 0.13
Precipitation (mm) 0.50 0.24 -0.11
April Average temperature (°C) - 0.48 0.11
Maximum temperature (°C) - 0.45 -0.11
Minimum temperature (°C) - 0.34 0.44
Relative humidity (%) - 0.24 0.07
Precipitation (mm) - 0.01 0.68
May Average temperature (°C) - - 0.72*
Maximum temperature (°C) - - 0.64
Minimum temperature (°C) - - 0.61
Relative humidity (%) - - -0.47
Precipitation (mm) - - -0.03
Data are Pearson’s correlation coefficients. *P < 0.05
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The present study identified strong, positive, and signifi-
cant correlations with temporal relationships between
meteorological factors, tree pollen, and patients with
tree pollen allergy. It was confirmed that the number of
patients with tree pollen allergy who visited the hospital
from April through July was correlated with tree pollen
counts in March and April, and the minimum tempera-
ture in March was the only meteorological factor found
to correlate with tree pollen and allergic patients. The
other meteorological factors also correlated with tree
pollen counts, but did not show any correlation with the
number of allergic patients.
T h ep a t t e r n so fh o s p i t a lv i s i t so fp a t i e n t sw i t ht r e e
p o l l e na l l e r g ym a yb em o r ea f f e c t e db yf a c t o r so t h e r
than changes in pollen counts following meteorological
variations. There is a possibility that these patterns
resulted from the effects of other environmental or
socio-demographic factors, e.g., air pollution, change in
the recognition of allergic diseases, public image of the
study hospital, the population number in the study
region, etc. However, a higher minimum temperature in
March was associated with increased hospital visits of
patients sensitized to tree pollen even after controlling
for air pollutants, age, and sex. Moreover, patients aller-
gic to house dust mite, another major allergen in Korea,
did not show an association with the minimum tem-
perature in March. Therefore, these findings suggest
t h a tt h e r ec o u l db eap o s s i b l ec a u s a lr e l a t i o n s h i p
between increasing temperature and higher tree pollen
counts, thereby leading to more patients sensitized to
tree pollen and consequently more visits to the hospital.
Some patients with tree pollen allergy in this study
could be multi-sensitized to various allergens. It is
appropriate to use patients sensitized to tree pollen
alone for drawing more definite results in the analysis.
However, it is impossible to perform skin prick test for
all of known allergen to rule out multi-sensitized
patients. Although patients allergic to tree pollen are
multi-sensitized, they could be exposed to tree pollen
judging from the timing of hospital visit, and lead to
aggravate allergic symptoms.
Table 4 Correlations between tree pollen counts and the
numbers of patients with tree pollen allergy
Counts of tree pollen (grains/m
3) No. of patients
April May June July Total
March 0.86* 0.86* 0.74* 0.60 0.84*
April 0.92* 0.88* 0.59 0.85* 0.89*
May 0.38 0.42 0.44 0.61 0.50
Data are Pearson’s correlation coefficients. *P < 0.05
Table 5 Correlations between mean monthly meteorological factors and the number of patients with tree pollen
allergy
Month Meteorological factors No. of patients
April May June July Total
a
February Average temperature (°C) -0.21 0.03 0.56 -0.08 0.06
Maximum temperature (°C) -0.14 0.06 0.59 -0.04 0.11
Minimum temperature (°C) -0.29 -0.02 0.49 -0.14 -0.01
Relative humidity (%) -0.12 -0.007 0.21 -0.26 -0.05
Precipitation (mm) 0.08 0.24 0.44 0.38 0.30
March Average temperature (°C) 0.39 0.38 0.37 0.24 0.38
Maximum temperature (°C) 0.15 0.11 0.05 0.07 0.11
Minimum temperature (°C) 0.71* 0.76* 0.68* 0.56 0.75*
Relative humidity (%) 0.63 0.57 0.54 0.25 0.56
Precipitation (mm) 0.27 0.35 0.60 -0.03 0.33
April Average temperature (°C) 0.33 0.18 -0.14 0.35 0.21
Maximum temperature (°C) 0.30 0.14 -0.16 0.24 0.15
Minimum temperature (°C) 0.23 0.24 -0.02 0.37 0.22
Relative humidity (%) 0.16 0.29 0.25 -0.10 0.16
Precipitation (mm) -0.03 -0.11 -0.12 0.28 -0.005
May Average temperature (°C) - 0.54 0.47 0.36 0.5
Maximum temperature (°C) - 0.53 0.38 0.34 0.45
Minimum temperature (°C) - 0.36 0.45 0.22 0.38
Relative humidity (%) - -0.1 0.03 -0.44 -0.18
Precipitation (mm) - 0.26 0.55 -0.01 0.3
Data are Pearson’s correlation coefficients. *P < 0.05
aTotal numbers of patients are the sum of patients with tree pollen allergy from April through July. For meteorological factors in May, total numbers of patients
from May to July were used
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several meteorological factors and pollen: temperature,
relative humidity, and pollen counts [22,23], tempera-
ture, precipitation and pollen counts [18], temperature
and the start of the pollen season [21,24], and tempera-
ture and allergenicity [12]. Temperature is a common
meteorological factor influencing pollen dynamics in
these studies, consistent with our results showing that
temperature is strongly correlated with pollen counts.
Some studies [25-27] reported that advance of flowering
was correlated with increase in minimum temperature,
which suggests that minimum temperature could influ-
ence pollen production.
Only a few studies have investigated the relationship
between temperature and allergic diseases. Hales et al.
[28] showed that there is a positive association between
mean temperature and the prevalence of asthma symp-
toms, and similar results were reported by Zanolin et al.
[29]. In contrast, another study reported that the preva-
lence of atopic eczema is positively associated with pre-
cipitation and humidity, and is negatively associated
with temperature and the number of sunny hours [30].
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Figure 3 Annual trends of minimum temperature, tree pollen counts, and patients with tree pollen allergy.V a l u ef o re a c hv a r i a b l ei s
following; monthly mean value of minimum temperature in March for minimum temperature (solid line), monthly mean value of tree pollen
counts in March and April for tree pollen counts (dashed line), and total numbers of tree pollen-sensitized patients visited in hospital from April
through July for patients with tree pollen allergy (bar graph).
Table 6 Associations between the minimum temperature in March and hospital visits of patients with tree pollen and
house dust mite allergy
Patients with tree pollen allergy Patients with house dust mite allergy
OR 95% CI OR 95% CI
Unadjusted 1.12 1.03 to 1.21 1.03 0.95 to 1.12
Model 1
a 1.11 1.02 to 1.21 1.01 0.93 to 1.10
Model 2
b 1.14 1.03 to 1.25 0.99 0.90 to 1.09
aAdjusted for age and sex.
bAdjusted for age, sex, and air pollutants (O3,P M 10, and SO2). Concentrations of each air pollutant were the mean values of those
from March to April
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tive allergens, such as pollen, were not included in the
analyses; therefore, they may not reflect a chain of pro-
cesses from climate change to pollen allergic diseases.
Arino et al. [31] reported progressive increases in the
values of some meteorological factors including tem-
perature, the seasonal duration of pollen, and the per-
centage of patients sensitized to pollens; they also
observed correlations between the variables. However,
they did not control for confounders and investigate
their possible associations. In addition, because the
study used year-by-year data values, it did not consid-
ered how pollen counts or seasons would be affected by
meteorological factors during blossoming or the period
immediately prior to blossoming.
The majority of the previous studies have been ecolo-
gical in nature and evaluated two variables such as
meteorological factors and pollen or allergic patients.
These methods are not sufficient to investigate the
extent to which meteorological variations affect allergic
diseases. The present study is the first to demonstrate
the impact of temperature variation on pollen allergies
based on the temporal relationships between meteorolo-
gical factors, pollen counts, and patients with pollen
allergy. In many of the previous studies, study subjects
may have been sensitized to different species of allergens
since the studies did not identify the exact allergens
using objective tests. In the present study, we reviewed
the results of skin prick tests to confirm the causative
etiology of the allergies; thus, we were able to use well-
defined patients as subjects. We also statistically con-
trolled for the confounding effects of air pollution that
is capable of causing allergic diseases and/or affecting
pollen. Those points are important in the respect that
our approach was based on the possible mechanism of
an increased burden of allergic diseases as a result of cli-
mate change.
The present study is not without limitations. First, it is
difficult to generalize our results to the general popula-
tion as a whole because most of the patients in the gen-
eral hospital have severe symptoms. However, it was
inevitable to use hospital data to acquire a large pool of
allergic patients that had undergone skin prick tests.
Second, there may be uncertainties as a result of some
missing patient and pollen information, and of some
disparity between the species of tree pollen used in the
skin prick tests and the pollen data.
Conclusions
Our findings suggest that temperature, pollen counts,
and the number of patients with pollen allergies could be
closely related. Furthermore, anticipated climate change
could increase the burden of allergic diseases. To confirm
the relationships more precisely, further studies are
needed using large population-based cohorts over longer
time periods, as well as further investigation of the effects
of meteorological factors on allergic diseases due to other
pollen types such as those from grass and weed.
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